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Allelic associations and homozygosity at loci from HLA-B to D6S299 in genetic haemochromatosis R Raha-Chowdhury, D J Bowen, A K Burnett, M Worwood Abstract Haemochromatosis (GH) is an autosomal recessive disorder in which increased iron absorption causes iron overload. The gene (HFE) is closely linked to HLA-A on chromosome 6 (6p21.3) but has not yet been identified. We have examined eight polymorphic loci, HLA-B (most centromeric), I82, D6S265, HLA-A, D6S128, HLA-F, D6S105, and D6S299 (most telomeric) in 37 unrelated patients and 60 control subjects. There are also significant positive associations between GH and alleles at all loci except D6S299. Analysis of 48 GH chromosomes in which haplotypes could be established showed that the most common haplotype was I82-2:D6S265-1:HLA-A3:D6S128-2:HLA-F1:D6S105-8. This was present in 28 of 48 chromosomes. In 14 the haplotype included HLA-B7 but only in seven did this extend beyond the telomere to D6S299-2 (the most common allele on GH chromosomes at this locus). In 36 out of 48 chromosomes the two locus haplotype, F1:D6S105-8 was present. Since haemochromatosis appears to originate from a founder mutation we have examined linkage disequilibrium between these various loci and GH using calculations OfPexcess. The maximum value (0.72, 95% CI 0'55-0.85) is given by D6S105-8 but is not significantly different from values for HLA-A3 and HLA-F1 (0.50, 95% CI 0*34-0*61 and 0 49, 0 25-0 66 respectively). However, both HLA-A and D6S105 give a value for Pexcess which is significantly higher than that for the most centromeric marker, HLA-B (0.17, 95% CI 0.02-0.30). We have counted the number of patients who are homozygous for the common allele at each locus. At D6S105, 22 Materials and methods digested with various restriction endonucleases PATIENTS AND CONTROL SUBJECTS as recommended by the suppliers (NBL Gene In order to study the association of haemo-Sciences, Cramlington, Northumberland, chromatosis with alleles at various loci we have UK). Electrophoresis was carried out in 0-8% studied 37 unrelated patients with haemo-agarose gels. Southern blotting was performed chromatosis and the controls described below. with nylon membranes (PALL Biotype B transChromosomes carrying haemochromatosis fer membrane, Pall Europe, Portsmouth, Engwere identified in 20 families from south Wales land) by capillary transfer. Probes were labelled and south west Scotland.
with the random oligonucleotide primer
The diagnosis of HFE was made by standard method in the presence of [a-32P] dCTP using methods"2 including a consistently raised trans-the Boehringer kit. Radioactivity was detected ferrin saturation (>60%) and a serum ferritin by autoradiography with ortho-G film (Kodak) concentration exceeding 300 gg/l in males and using intensifying screens. The filters were then 200 ig/l in females. The diagnosis was con-stripped by heating in 0 5% SDS at 85°C firmed by venesection with removal of at least before rehybridisation. Approximate fragment 5 g of iron before iron depletion. In most cases sizes were estimated by comparison with marka liver biopsy was performed and iron overload ers of lambda DNA digested with HindIII and shown. HLA-A and HLA-B typing were per-EcoRI. Probe I82 is a 4-4 kb PstI fragment formed with the standard NIH technique'3 at located 100 kb centromeric to HLA-A. This the Welsh Regional Blood Transfusion Service. gives a biallelic pattern (15 and 7-4 kb) when There were two groups of control subjects. The DNA is digested with BglII.'6 Probe pMC 6.7 first group ofcontrols (max no = 62) were blood is a 700 bp EcoRI fragment located 20 kb 5' of donors from the Welsh Regional Blood Trans-HLA-H.'7 This gives a four allele RFLP with fusion Service and were used to examine as-TaqI (11-0, 10-5, 8-0, 20kb) but we have sociations between alleles at various class I combined alleles 1 and 2 which are sometimes genes. The second group (n = 60) were from difficult to separate on agarose gels (table 1) . the Welsh Regional Blood Transfusion Service Probe HIA-F (5UT) was derived from the full Unrelated Bone Marrow Donor Register and length genomic clone Dew3l9 by digestion with were between 18 and 45 years old. They were SstI and HindIII to give a 700 bp fragment. consecutive subjects screened for haemo-This is the probe F5UT referred to by Gruen chromatosis.14 None Our study confirms the strong associations found for alleles at I82, HLA-A, and D6S128 by Yaouanq et al," as all patients but one with HLA-A3 also carried I82-2 and D6S128-2.
However, the I82:HLA-A:p6.7 haplotype" is an HLA-A3 (HLA-A*0301) haplotype rather than a haemochromatosis specific haplotype. 35 This haplotype is also defined by D6S265-135 and in the following discussion HLA-A3 will be defined as equivalent to HLA-A*0301 and D6S265-1. Only on one chromosome (fig 2,  patient 52 ) is HLA-A3 not found with D6S265-1.
We show that HLA-F is also in the region of strong linkage disequilibrium with HFE. We have confirmed this by applying a PCR which amplifies part of the 5 Once D6S105 has been placed on a physical map linking this locus to HLA-F then an examination of markers either side of D6S105 may make it possible to predict more precisely the location of the HFE gene and initiate a search for expressed genes in the region.
